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Abstract

Substitution-effect of animal and plant protein re@s for fishmeal in diet for juvenile abalondafiotis
discus hanngj and effect of dietary additive on growth ancetahce of abalone against the stresses were
determined in the 16-week feeding trials in theezkpents [ and II, respectively. In the experimernit,

fifty juvenile (an initial body weight of 10.0 gpalone per container were randomly distributed E#p50

L plastic rectangular containers. Nine experimedtats with triplicates were prepared. Fishmeal wsed

as sole protein source (Con). Animal protein scarg®ultry meal (PM), meat and bone meal (MB),
Silkworm pupae meal (SPM)] and plant protein sosifg®ybean meal (SM) and corn gluten meal (CM)]
were substituted fishmeal in the diet. Besidesir tbembined substitution of animal and/or planttpio
sources [soybean meal and corn gluten meal (SM+G8dean meal and silkworm pupae meal (SM+SPM)
and corn gluten meal and silkworm pupae meal (CMA$PSurvival of abalone fed the SM and SM+SPM
diets was significantly (P<0.05) higher than thiaalbalone fed the CM, SPM, MB and CM+SPM diets, but
not significantly (P>0.05) different from that oislh fed the Con diet. Weight gain of abalone fed th
SM+SPM and SM+CM diets was significantly (P<0.08)Her than that of abalone fed the Con diet. Shell
length of abalone fed the SM+CM and SM+SPM diets significantly (P<0.05) higher than that of ab&on
fed the Con diet. The rate of carcass weight t@l tweight of abalone fed the SM+CM diet was sigaifitly
(P<0.05) higher than that of abalone fed the Cen @ihemical composition of carcass of abaloneEXoe
ash was significantly (P<0.05) affected by the eixpental diet. In the experimert, seventy juvenile (an
initial body weight of 4.2 g) abalone per containeere randomly distributed into 21, 50 L plastic
rectangular containers each. The various sourcemlditives were included into the experimental sjiet
control diet (Con) with no additive, by-productgreen tea (BPG), extract of figs (EF), extract ideg tea
(EG), commercially available product of Hearok (PHhdHaematococcugHC). Finally, dry sea tangle
(ST) was prepared to compare the efficiency ofekigerimental diets. Fishmeal, soybean meal andnghri
head meal were used as the protein source, andnjesda tangle powder and wheat flour, and soylodan
and fish oil were used as the carbohydrate and fpurces, respectively in the experimental digtghe
end of the 16-week feeding trial, abalone was exgds the different types of stresses (air exposamd
sudden changes of temperature and salinity) anddbemulated mortality of abalone was monitorethas
scheduled intervals. Survival of abalone fed thew&E highest. However, weight gain of abalone fexd t
EF, EG and PH diets was significantly (P<0.05) kigtihan that of abalone fed the BPG diet or STIlIShe
length of abalone fed the all experimental diets significantly (P<0.05) higher than that of ab&lded the
ST. Accumulated mortality of abalone fed the ST Veag when exposed to the different types of stresse
Also, relatively low mortality was achieved in atwaé¢ fed the HC and EF diets. In considering thesalts,

it can be concluded that a combination of soybeaalrand corn gluten meal (SM+CM) or combination of
soybean meal and silkworm pupae meal (SM+SPM) doelldonsidered the most proper substitution protein
source for fish meal in the diet for abalone. Ididdn, dietary inclusion oHaematococcugHC) and extract

of figs (EF) seemed to be effective to lower matgadf abalone when exposed to air or sudden chaige
salinity among additives tested in this study.
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Table 1. Ingredients of

the experimental diets he experiment (%).

Experimental diets

Con SM PM CM SPM wmB F 3M¥ o CM

Ingredients
Fishmeal 35
Shrimp head me&l 2 2 2 2 2 2 2 2 2
Soybean medl 58 29 29
Poultry meal 335
Corn gluten meal 37 18 18
Silkworm pupae meal

. 325 16 17
dehydratied
Meat and bone méal 59
Lysin€ 1
DL-methioniné 0.5
Lysine+DL-methionine 1 1 1 1 1 1
Dextrin’ 26 0.5 27 21.3 27.5 3 11.1 14 23.5
Sea tangle powder 3 3 3 3 3 3 3 3 3
Wheat flour 4 4 4 4 4 4 4 4 4
Soybean oll 2 1.7 1.9 1 15
Fish oil 2 15 2 2 2 2 2
Sodium alginate 22 22 22 22 22 22 22 22 22
Vitamin premiX 2 2 2 2 2 2 2 2 2
Mineral premix 4 4
Nutrients (%)
Moisture 77.7 78.5 78.6 78.2 77.3 76.1 69.6 75.4 76.4
Crude protein 27.6 30.9 29.1 26.3 29.8 27.1 27.4 31.4 25.8
Crude lipid 5.0 3.2 4.8 4.7 3.0 6.6 3.2 2.9 4.6
Ash 12.0 10.9 7.7 7.0 10.1 31.1 8.7 10.4 8.1

'Fishmeal, 'soybean meal,'poultry meal, 'corn gluten meal,’silkwarm pupae meal dehydratied,

'meat and bone meal, antshrimp head meal were supplied by Jeilfeed Co. Lidaman,

Gyeongsangnam-do, Korea).

’Lysine: purity over 98%

*DL-methionine: purity over 99% (Sumitomo Chemicagpan)

“Dextrin was purchased from Sigma Chemical, St. $0MO, USA.

°Sodium alginate was purchased from Sigma ChemidSiA.

®vitamin premix contained the following amount whichere diluted in cellulose (g Kg mix):

L-ascorbic acid, 200p-tocopheryl acetate, 20; thiamin hydrochloride, riboflavin, 8; pyridoxine, 2;
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niacin, 40; Ca-D-pantothenate, 12; myo-inositolQ;2M-biotin, 0.4; folic acid, 1.5; p-amino benzoic
acid, 20; k, 4; A, 1.5; D, 0.003; choline chloride, 200; cyanocobalamin,08.0

"Mineral premix contained the following ingredientg kg'1 mix): NaCl, 10, MgS®@7H,O, 150;
NaH,POs2H,O, 250; KHPQi, 320; CaH(POQ)rH.O, 200; Ferric citrate, 25; ZnS®@HO, 4;
Ca-lactate, 38.5; CuCl, 0.3; AKBHO, 0.15; KIQ, 0.03; NaSeOs 0.01; MnSQH.O, 2; CoCk
6H,0, 0.1.
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Table 2. Ingredients of the experimental diets he experimentll (%).

Experimental diets

Con BPG EM EF PH HC ST

Ingredients

Fishmeal 30 30 30 30 30 30

Soybean medl 15 15 15 15 15 15

Shrimp head meal 5 5 5 5 5 5

Dextrin’ 13 13 13 13 13 13

Sea tangle powder 5 5 5 5 5 5

Wheat flour 2 1 2 2 2 1

By-product of green téa 1

Extract of fig$ +

Extract of green téa +

Product of Hearok +

Haematococcus 1

Soybean ail 1 1 1 1 1 1

Fish oil 1 1 1 1 1 1

Sodium alginat® 22 22 22 22 22 22

Mineral premix 4 4 4

Vitamin premix 2 2 2 2 2 2

Sea tangle 100
Nutrients (%)

Moisture 83.9 80.3 80.2 81.3 80.9 80.0 86.3
Crude protein 30.6 30.7 32.0 30.8 31.1 30.5 5.0
Crude lipid 4.0 3.9 4.0 54 5.1 5.3 0.6
Ash 12.1 12.4 12.1 12.1 12.2 12.3 21.6

'Fishmeal, 1soybean meal and 1shrimp head meal wepplied by Jeilfeed Co. Ltd. (Haman,
Gyeongsangnam-do, Korea).

’Dextrin was purchased from Sigma Chemical, St. $o0MO, USA.

*By-product of green tea was purchased from Hardafte. Ltd. (Hadong-gun, Gyeong sangnam-do,
Korea)

*Extract of figs, “extract of green tea antproduct of Hearok were purchased from Haeroc Cd. Lt
(He-nam gun, Jeollanam-do, Korea).

®Haematococcuswas purchased from Aquanet Co. Ltd. (Tongyeong, ciByeong sangnam-do,

Korea).

®Sodium alginate was purchased from Sigma ChemidSIA.

Vitamin and mineral premix was same as in the ammert I .
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+ indicates that aqueous type of each additive imakided into the experimental diets instead of

the same amount of water.
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Table 3. Survival (%), weight gain (g/abalone), Ishength (mm), shell width (mm) and the ratio

of carcass weight to total weight of abalone fed tbxperimental diets in the experimerit

(MeanzSE).
Diets wé?éﬁl of F(')?a;l;’:,’j(')gnrg survival ;J/:ier:gr(]; Shell length Shell width ngﬁf/?itsal
abalone @ (%) abalone (mm) (mm) weight
(9) (g/abalone)
Con 10.1+0.03 16.0+0.24 96.0+3.06° 5.9+0.22 50.1+0.30 32.5+0.18 0.7+0.0f
SM 10.0+0.04 16.2+0.P8 98.7+0.67 6.2+0.22° 50.8+0.43° 32.7+0.35 0.7+0.00
PM 10.1#0.01 12.0+0.07 90.0+3.06 1.9+0.08 47.1+0.25 29.6+0.14 0.6+0.00
CM 10.1+0.05 11.4+0.75 80.7+4.06° 1.3+0.20 46.4+0.27 29.0+0.18 0.6+0.0f
SPM 10.040.02 12.0+0.93 75.3+3.58 2.0+0.24 46.6+0.34 29.5+0.28 0.6+0.00
MB 10.0£0.02 11.0+0.55 87.3+5.48° 1.0+0.57 47.6+0.65 30.1+0.3f 0.6+0.0f
SM+CM  10.0+0.00 17.0+0.68 97.3+3.7f° 7.0+0.66° 52.1+0.86 34.0+0.58 0.7+0.0%
SM+SPM  10.0+0.01 17.4+0.17 98.7+2.46 7.3+0.18 51.9+0.08 33.8+0.23 0.7+0.0f°
CM+SPM  10.0+0.04 10.9+0.16 71.3+2.40 0.9+0.18 46.3+0.46 29.2+0.28 0.6+0.00

Values in the same column sharing a common supeatrsare not significantly different (P<0.05).
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Survival (%)

Experimental diets

Fig. 1. Survival (%) of abalonefed the experimentaldiets in the experiment I .
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Weight gain (g/abalone)

Experimental diets

Fig. 2. Weight gain (g/abalone)of abalonefed the experimentaldiets in the experiment I .
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Table 4. Chemical composition

experiment I (MeanzSE).

(%) of carcass of lam fed the experimental diets in the

Diets Moisture Crude protein Crude lipid Ash
Initiation 81.7 10.4 0.5 2.5
Con 79.1+0.57 11.3+0.37" 1.4+0.07 2.4%0.05
SM 80.8+0.16° 11.2+0.27° 0.8+0.08° 2.5+0.07
PM 81.0+0.2%° 10.1+0.28% 0.8+0.03° 2.4%0.06
CM 82.7+0.18 9.3+0.2f 0.9+0.1¢° 2.60.05
SPM 80.0+0.65 11.7+0.78 0.9+0.02° 2.5+0.06
MB 81.9+0.32° 10.6+0.28" 0.7+0.16 2.6+0.04
SM+CM 80.9+0.3§ 10.9+0.41™ 1.0+0.13 2.6+0.10
SM+SPM 80.5+0.19 10.6+0.13" 1.0+0.04° 2.5+0.03
CM+SPM 82.4+0.28 9.7+0.51* 0.9+0.08° 2.5+0.13

Values in the same column sharing a common supetrsare not significantly different (P<0.05).
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Table 5. Survival (%), weight gain (g/abalone), Ishength (mm), shell width (mm) and the ratio
of carcass weight to total weight of abalone fedd tbxperimental diets in the experimerit
(MeanzSE).

Initial . . . .
 weight of Tmalweight g e Welghtgain oy iengthshell width  C3763SS
Diets of abalone of abalone weight/total
abalone (%) (mm) (mm) .
) (9) (g/abalone) weight
Con 42+0.02 7.6¢0.10 87.0£281 3.4+0.08" 39.9+0.68 26.8+0.51 0.59+0.013
BPG 4.3+0.13 7.2+0.30 87.5+1.87 2.9+0.17 39.1+0.7f 26.5+0.61 0.59+0.005
EF 4.1+0.04 7.7+£0.09 89.2+2.38 3.6+0.08 39.8+0.13 27.0+0.21 0.60+0.006
EG 4.1+0.03 7.7+0.06 81.2+1.94 3.6+0.03 39.4+0.06 26.7+0.09 0.61+0.016
PH 4.2+0.02 7.9+0.33 90.9+3.32 3.7+0.3¢0  40.6+0.38 27.4+0.42 0.60+0.009
HC 4.2+0.02 7.6+£0.10 87.2+2.3 3.4+0.08° 39.4+1.06 26.7+0.74 0.60+0.010
ST 4.2+0.01 6.3+0.11 95.7+#2319 2.1+0.09 37.2+0.68 25.1+0.56 0.59+0.013

Values in the same column sharing a common supetrsare not significantly different (P<0.05).
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Fig. 3. Survival (%) of abalonefed the experimentaldiets in the experimentII.
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Weight gain (g/abalone)
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Fig. 4. Weight gain (g/abalone)of abalonefed the experimentaldiets in the experimentIl.
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Table 6. Chemical composition (%) of the carcassabilone fed the experimental diets in the

experimentIl (MeanzSE).

Diets Moisture Crude protein Crude lipid Ash
Con 81.5+1.05 12.6+0.09 0.8+0.28 2.3+0.06
BPG 80.8+0.20 13.1+0.3% 0.8+0.15 2.4+0.08
EF 80.6+0.45 13.1+0.4% 0.8+0.33 2.3+0.10
EG 80.6+0.36 12.7+0.13 1.0+0.28 2.3+0.05
PH 80.7+0.22 13.6+0.37 0.8+0.30 2.2+0.09
HC 80.7+0.47 13.1+0.26 1.2+0.19 2.5+0.20
ST 79.1+0.16 13.9+0.90 1.0+0.07 2.4+0.16

Values in the same column sharing a common supetrsare not significantly different (P<0.05).
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Fig. 5. Changes in survival rate (%) of abaloneosed to air for 30 hours anther
transferred to water in raceway tank for 24 hours the experimentIl
(MeantSE).
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Fig. 6. Changes in survival rate (%) of abaloneosep to sudden salinity chang®m
31 psuto 15 pst in the experimentII (Mean+SE).
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Changes in survival rate (%) of abalone osggd to sudden temperatuchang:
from 13C to 29T in the experimentIl (Mean+SE).
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